ARR t fay 19^2 



NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 



WARTIME REPORT 

ORIGINALLY ISSUED 

May 19^2 as 
Advance Restricted Report 

THE PORPOISING CHARACTERISTICS OF A PIANINO SURFACE 
REPRESENTING- THE FOPEBODY OF A FLYING-BOAT HULL 
By Jamea M. Benson 

Langley Memorial Aeronautical Lafcoratory 
Langley Field, Va. 



NACA 



WASHINGTON 



NACA LIBRARY 

- r -KY MEMORIAL AERONAUlltk 
LABORATORY 
Unsrley Field, Va. 



NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of 
advance research results to an authorized group requiring them for the war effort. They were pre- 
viously held under a security status but are now unclassified. Some of these reports were not tech- 
nically edited. All have been reproduced without change in order to expedite general distribution. 



L - 479 



3 



3 1176 01354 3328 



VAT XOVAX. A9YIS0BT 0 OHM ITT IX TOR ABBONAUTICS 



ADTAHOB BISTBIOf BD HIP OR T 



THB POBPOISIHQ OHABACTBBISTICS OP A PLAHIFG SUBJAOB 
BBPBBSBBTISO THB POBXBOmr 07 A TLYIH0-B0A1 BULL 

B7 James M. Ban* on 



8UMMABT 



A V-bottom planing surface representing the forebody 
of a flying-boat hull vae used In an invest i gat ion of the 
low-angle type of porpoising. Controllable tall surfaces 
vere fitted on an outrigger that supported them In a 
position roughly the same as they would hare been on a 
complete model. The planing surface was considered as 
though it were part of a complete dynamic model and. for 
each test it was balanced to bring the Center of gravity 
of the assembly to the desired position, and the pivot 
about which it was free to turn was located there. The 
model was towed In the same manner as a complete dynamic 
model. 

The porpoising characteristics of the .planing surface 
were observed for different combinations of load, speed, 
moment of inertia, location of pivot, elevator setting, 
and tall area. The model was found always to be stable 
abo-ve and unstable below a rather well-defined critical 
trim and showed no tendency to porpoise In the high-angle 
condition that is commonly observed with flying boats. 
Thtf critical trim was found to be determined mainly by the 
speed and load and, to a smaller extent", by the location 
of ^the pivot and the radius of gyration. Moving the pivot 
either forward or down or increasing the radius of gyration 
lowered the critical trim. When porpoising .did occur it 
was observed that a decrease in the radius of gyration oaused 
the amplitudes of the oscillations in trim to Increase mark* 
edly. An Increase In the mass and moment of Inertia without 
changing the radius of gyration or other variables resulted 
In an Increased amplitude of the oscillations. Increasing 
the tail area to about twice normal site did not appear to 
affect the critical trim. 

By a comparison of the data from these teste, in which 
the effect of a wing was completely absent, with data from 
a complete model and from theoretical computations. It was 
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concluded that the .affect of the wing of a complete model 
upon the lower limit' of stability at the lower planing speeds 
was relatively small. 



INTRODUCTION 



A theoretical appraach to the problems of porpoising 
has been made b7 Ferrlng and Glauert (reference 1), who 
modified the conventional analysis of aerodynamic stability 
and applied it to the study of the stability on the water 
of the idealised case of a single flat plate and also to 
the ..case of two flat plates in tandem*. .They treated the 
two cases without aerodynamic surfaces and with wing and 
tall plane. They demonstrated "by comparison of their 
theoretical values with data from ofte full-scale test that 
the conventional stability analysis oo.uld be applied to the 
study of porpoising* provided that experimental data were 
available for evaluating the stability, derivatives for the 
hull forms actually used. 

Considerable* experimental work has been done in towing 
baBlns with dynamic models of seaplanes to determine their 
stability characteristics. Most of the experimental work 
on porpoising has been concerned with specific designs and. 
In many cases, attention has been given principally to the 
high-angle type of porpoising. A. probable reason for doing 
the larger part of the experimental work on the one type of 
porpoising has been the fact that slight alterations In 
design, such as changes In the depth and the form of the 
step, frequently have been effective In markedly changing 
the porpoising characteristics at the higher angle b but. have 
had little if any effect upon the trim at which low-angle 
porpoising occurs. Another probable reason for giving more 
attention In experimental work to high-angle instability 
is that It has usually proved to be the more violent and 
dangerous of the two types. Inasmuch ap low-angle porpois- 
ing may in itself become unsafe during a take-off or may 
lead to violent Instability at higher angles, it. appears 
that Insufficient attention has been given to the basic 
problem of the stability of a simple planing surface. The 
present investigation was therefore planned to study ex- 
perimentally the'stability characteristics of a 7-bottom 
planing surface representing the f orebody of. a seaplane. 

A planing surf ace^ fit ted with a c pn.t Tollable elevator 
and having an angle of ~ dead risg of." 22£° was towed in. the 
NACA tank at constant speeds from a towing, gear that per- 
mitted the model to trim and rise freely. The range of 
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trln that would cause porpoising was observed for various 
combinations of speed, load, moment of inertia, location of 
pirot v and mass. In addition to the experimental investi- 
gation, the effect of a wing and of increased tail area 
upon low-angle porpoising at a speed above the bump 
was . analytically computed by the method of reference 1. 



FLASIHG M0D1L 



A sketch of the model and the arrangement for testing 
is shown in figure 1. The model has a 7-bo.ttom planing 
surface with- an angle of dead rise of 22t° and a beam of 
16 inches. The keel is straight for a distance of 36 inches - 
forward of the stern and is faired into a bluff bow having 
a developable bottom* The model was fitted with a ■normal" 
tail plane of HACA 0016 airfoil section of rectangular plan 
form and with a span of 41 Inches. The chord of the stabi- 
liser was 6^ inches, and that of the elevator was 6$ Inches 
The moment arm of the tail plane varied with the location of 
the pivot, averaging about 4 feet. Tor tests with increased 
tail area, a second tail plane having about lj times the 
area of the normal tail plane was attached to the model and 
was located about one chord length above it so as to form 
a biplane tail having 2£ times the normal area. 

The moment of Inertia, the load on the water, and the 
mass moving vertically could be independently adjusted. 



TIST PHOCEDTJH* 



The model was towed at the low water level In the 
SAGA tank ueing a procedure similar to that followed in 
references 2 and 3 for the towing of dynamic models to 
determine trim limits. Buns were made at constant speed 
and with fixed loads on the water while the trim of the 
model was adjusted by means of the elevator to obtain the 
critical trim. 



Critical Trim 

Tor the purpose of this report "critical trim" may 
be defined as the trim separating the stable range from 
the unstable range. At trims above the critical value 
the planing surface ran stably and. if it was momentarily 
disturbed^ the resulting oscillations decayed to sero after 
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a few cycles. At trims below the critical value por- 
poising began spontaneously and continued indefinitely at 
a fairly constant amplitude of the oscillation in trim. 
ThiB concept of a definite critical trim may not be 
strictly true. Instead, a narrow range of trim wherein 
the model is neutrally stable may separate the stable from 
the unstable range. Coombes (reference 3) has described 
a range of neutral, stability for a dynamic model of a 
twin-float seaplane. 

In the determination of the critical value of the 
planing surface* the trim of the model was gradually 
lowered from a stable' attitude until oscillations began 
spontaneously and continued regularly through an amplitude 
of about 2°» The trim was then increased while the 
accompanying decrease In amplitude was noted. At the 
point where the oscillation seemed to disappear, the trim 
was noted and compared with the corresponding attitude 
at which the model began to porpoise during the decrease 
of . trim. In general, the two readings did not differ by 
more than about The average of the two readings 

thus obtained was recorded as the critical trim. 

During a constant-speed run of the carriage, the 
critical trim was obtained for several combinations of 
load and mass moving vertically. In this manner the 
variations of critical trim with load, speed, and mass wer-e 
determined. Changes in moment of inertia and location of 
pivot were made and the tests repeated. Tor certain loca- 
tions of the pivot the aerodynamic control was Inadequate 
to balance the hydrodynamic moment at the critical trim and 
a gravity moment was used to obtain the desired trim. This 
use of a gravity moment caused the model to pivot about a 
point different from the center of mass of the Rotating 
system. Ho allowance was made for the variation in loading 
introduced by the aerodynamic forces on the tail. surf aces • 



Porpoising Oscillations 

Jor a limited number of tests, observations were made 
of the amplitude of the oscillations in trim that followed 
after the model was trimmed below the critical value. Tests 
were made at constant load, speed, mass, and moment of 
inertia; and the amplitude? were obtained for various 
elevator settings. Tor a particular elevator setting the 
model was restrained In pitch by pulling lightly on lines 
attached to the bow and the stern. This damping in pitch 
was barely suf f icient. 4 to prevent porpoising but still per- 
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minted, the model-.to assume the attitude required for 
equilibrium of the hydrodynamic and aerodynamic forces. 
The trim at equilibrium was observed and the model was 
tfcen released to permit porpoising. After a few- cycles 
the" oscillations would reach a maximum In amplitude and 
would usually continue Indefinitely between the two limit- 
ing values of trim* The upper and lower limits of oscil- 
lation were recorded. 

In,the tests to. determine the effect .of radius of 
gyration on amplitude, of porpoising the dritjoal trim was 
determined for a particular configuration of the model , apd 
the elevator was lowered enough "to cause the model to trim 
at about i° below that value. The pitqhlng oscillations 
were prevented by damping as previously 'described. ■ The 
model was then released and the amplitude of oscillation 
observed. The radius of gyration was changed during the 
run by varying the mass moving vertical],! without making 
any change in moment of inertia, Itfad, speed, or elevator 
setting. 1 The amplitude of oscillation was again noted 
after the change In mass. This method did not completely 
isolate the effect of the radius of gyration upon the 
amplitude because the changes In the radius of gyration 
were. In general, accompanied by a small change in the 
critical trim. 

TIST EESULTS 



Porpoising Characteristics of a Single Planing .Surface 

The combination of planing surface with tail plane, 
exhibited the presence of one critical trim value and 
had no tendency to porpoise at higher trims. The por- 
poising that occurred when the trim was less than the 
critical value closely resembled the motions in the 
porpoising of a complete dynamic model when planing on 
the forebody alone. When the trim of the model was in- 
creased from the unstable to the stable range, the critical 
trim was found to be practically the same as the value de- 
termined by lowering the. trim- from- the stable to the un- 
stable range. Eeoovery from porpoising always followed 
the application of sufficient positive moment to trim the 
model above, the critical value. The absence- of the high- 
angle condition of instability with the single planing 
surface »is in agreement with the commonly accepted concept 
that the high-angle type of porpoising, of a fiying beat is 
a phenomenon that always Involves the afterbody. 



Vhen porpoising of the planing surface did occur , the 
notion was usually conetant in amplitude but , in some oases, 
it would wax and wane in a manner similar to that resulting 
from the addition ef two simple harmonic motion's of slightly 
different periods. 

Critical Trim 

Tie variation of the critical tr-im with speed of the 
planing surface is plotted in figure 2, where all variables 
are expressed as follows i 

Load coefficient, C A * A/wb? 

Gross load coefficient, C Aq ■ A 0 /wb 3 

Speed coefficient, C T «= V/^gb 

where 

A load on water, pounds 

t 0 initial load on water* gross load, pounds 
b maximum beam, feet 

w specific weight of water, pounds per cubic foot 

g acceleration of gravity, feet per secpnd per second 

and 

k radius of gyration, fraction of beam 

lj location of pivot forward of trailing edge (T.B.), 
fraction of beam 

l 3 location of pivot above keel, fraction of beam. 

The load on the water was selected as the parameter 
and each plot represents a particular combination of location 
of pivot and radius of gyration. The mass moving vertically 
is given In the same nondlmena ional units as .the load 
coefficient. The moment of Inertia is not listed In each 
case but may be obtained from the values given for the mass 
and the radius of gyration* 

Bffect of tail area ,- The variations In critical trim 
with speed for the model having the normal tail and for the 
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model having. the tail area increased 125 percent .are plotted 
in figure 3* Increasing the tall area to more than twice 
normal slse appeared In the present tests to change the 
critical trim very little, A more preeise exploration of 
the region of neutral stability might reveal a definite 
effect but it doe-s not appear that any practicable increase 
in the tail area Of a flying boat beyond the area that vould 
be required for suitable aerodynamic characteristics would 
have any marked effect upon the lover limit. 

gffggt 9l rftfllttO 9t «rrfttl9tti- The variation of crit- 
ical trim is plotted as a function of the radius of gyration 
in figure 4, which shows the results of tests at two dif- 
ferent loads at a speed coefficient of 6.0 with the pivot 
located 0.38 beam forward of the trailing edge and 1.26 
beams above the keel. The radius of gyration as here used 

Is ^/H| in which the mass M includes the- model, counter- 
weights, and f itt ings • (See fig* 1*) The curves show that 
Increases in the radius of gyration lower the critical trim 
but that the effect is small when compared with the effect 
of speed and load. 

Effect of location of plTQt ,- Figure 5 shows the 
variation of critical trim caused by changes in the location 
of the pivot for two combinations of load and radius of 
gyration. There is a definite tendency for the critical 
trim to be lowered when the pivot is moved either forward 
or down. This effect is also small when compared with 
the effect of load and speed. 



Amplitude of Porpoising Oscillations 

Effect of elevator setting .- figure 6 shows how the 
amplitude of the porpoising is affected by the elevator 
setting. The axis of ordinates represents the trim assumed 
by the model for a particular elevator setting when por- 
poising was restrained by the application of external damp- 
ing. The amplitude, of the oscillation that followed the 
removal of the damping is represented by a horisontal line 
between the values of the upper and the lower limits of the 
trim occurring in the oscillation. 

Effect of tail ayea .- The variation of amplitude with 
radius of gyration* for the model having a biplane tall with 
125 percent increased area is shown In figure 7(c). A 
comparison of thiB plot with figure 7(b) shows that the 
larger tail area resulted in somewhat greater amplitudes 
of oscillation. 
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BffgQt 9f EJjLUl gf firrftU9ft«- The variation in 
amplitude with changes in the radius of gyration k 9 when 
the elevator setting was constant, is shown in figure 7. 
The marked increase in amplitude with a decrease in radius 
of gyration may he due la part to the fact that the decrease 
in k causes an increase in the critical trim. An inter- 
pretation of this figure should include the effect of ele- 
vator setting upon dritical trim. 

The difference in handling characteristics caused by 
the changes in the radius of gyration was more marked than 
might appear fro* the plots* During the tests at constant 
speed v the elevator was set to trim the model at about it 0 
below the critical trim. The amplitude of the resulting 
oscillation was observed and the mass moving vertically was 
changed without changing the speed, the load, or the elevator 
setting. Throughout the tests it was noted that, with either 
an Increase in mass or a decrease in moment -of Inertia, the 
porpoising motions of the model when trimmed below the crit- 
ical values were definitely more violent and more likely to 
lead to dangerous amplitudes. 

In figures 7(b) and 7(c) are shown the results of two 
tests to determine if, for a particular value of the 
radius of gyration, the amplitude would be affected by 
the moment of Inertia and the mass. In figure 7(b) at 
k = 1.09b, a 50-percent increase in the moment of Inertia 
Is shown to have caused a small increase In the amplitude 
of the motion. In figure 7(c) at k - 0.76b, a 100-per- 
cent increase in the moment of Inertia is shown to have 
caused a large increase In the amplitude. 



Comparison of Results with Data for Complete 

Models Havizrg Afterbody and Wing 

Experimental .- In figure 8 Is plotted a curve showing 
the lower limit of stability for a particular flying boat, 
which has a dead rise of 22^° measured at the keel. The 
curve is taken from data obtained at the NACA tank during 
tests of a |-scale model dynamically similar to the full- 
size craft, which has a gross load coefficient of 0.82 and 
a get-away speed coefficient of 7.0. The model was towed 
at constant speeds and the trim limits were determined in 
the same way as the orltioal trims were determined for the 
planing surface. The load carried by the model was com- 
puted for different speeds by deducting the aerodynamic 
lift from the gross weight. The aerodynamic lift was 



computed from data obtained by towing the complete model 
a abort distance above the Water in the tan*. The crit- 
ical trim of the planing surface at speeds and, loads 
corresponding to the values for the dynamic model is shown 
for comparison. Th# critical trim, of the placing surface 
agrees well with the lows* limit of stability at the lower 
speeds. 

Theprct Ififll n* She data given in risference 4 were used 
for computing the sffsot of a wing, the area of the tail, 
and the moment of inertia upon the critical trim for. a 
limited number of conditions comparable with some of the 
conditions included in the tests of the planing surface. 
Reference 4 detfOrlbet the methods used in deriving the data 
and In computing the values of the stability derivatives 
and the values Of the terms in the discriminant equation. 
The data from reference 4 and the computed results are 
given In table !• 

The notation given in table I is the same as is cus- 
tomarily used in porpoising analysis* in which axes are 
assumed to be fixed relative to the undisturbed water 
surface with Z positive downward, X positive forward, 
and M positive when tending to raise the bow. The foroe 
Z is then defined as a force along the OZ axis and 2 
is written for dZ/3l# The other derivatives are similarly 
defined. A, B v 0* 0 V and 1 are the- ooef f ic3 ents of the 
stability equation* 



AX 4 + BX 3 + CX S + DX + E « 0 

where X la used for the dif f erent ial operator t 9/*** 
B is Bouth*s discriminant and is defined by 



B = BCD - AD a - B a B 



The criterion for stability is that A, B, C, D v . X, and B 
shall all be positive* These terms have been calculated 
for a speed coefficient of 5.65 and a load coefficient of 
0.61 on the water. (See table I.) 

At a trim of 5° the airplane Is unstable and an 
increase of 300 percent in the moment of inert ia has not 
resulted .In stability, although the change in the value 
of B indicates that the margin of instability may have 
been reduced. At a trim of 7° the normal condition is 
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stable "but a decrease of 50 pereent in the moment of 
Inertia results in instability, as shown by the negative 
value of B* 

The trend shown by these calculations is in agree- 
ment with the' experimental result obtained with the planing 
surface: that an increase in the radius of gyration causes 
a definite but relatively small decrease In the critical 
trim. 

The validity of the stability tests on a planing 
surface with tail plane but without wing has been examined 
by calculating the derivatives and the terms of the dis- 
criminant equation, assuming that the aerodynamic effect 
of the wing is confined to Z v and Zg. Making the 
aerodynamic values of all the Z derivatives equal to 
sero and .keeping the M derivatives unchanged caused no 
change In sign of any of the terms at either 6° or 7°. 
A change In the value of H* however, Indicates that the 
wing may have a slight stabilising effect. These results 
are in agreement with the comparison made In figure 8 and 
with the results reported in reference 2. At higher speeds 
the aerodynamic terms would be larger and more important in 
comparison with the hydrodynamlc and the effect of the wing 
might beoome more pronounced. 

The effect of a 100-percent increase in tall area has 
been calculated for the airplane with wing by doubling the 
aerodynamic values of M q i My, and Mg. The Increase 
in the value of B indicates that the larger tall area 
has resulted in stability at 5° and an increased margin 
of stability at 7°. 



DISCUSSION 

Comparison with reference 1. - Jrom the tests reported 
in reference 1, Perring and Glauert reached the following 
conclusions regarding the porpoising characteristics of a 
seaplane with only the forebody in contact with the water 
(single-step case): 

A seaplane , traveling on one s tep , tends to 
porpoi Be as the speed over the water is increased 
and this Is generally due to the angle of incidence 
dec re as ing as the speed Increases • The following 
factors may lead to instability:- 



IX . 



(a) Center of gravity too far in trout of 

the main step. 

(b) Gent.or of. gravity too high. 

(o) Sxcesslve aerodynamic weathercock . 

' stability* ■ — ■ 

(d) Mome&t of Inertia too snail. 
(•). Aerodynamic moment forcing the 
nose down. 

In order to compare the results of the present tests 
of a planing surface with the conclusions reached In refer- 
ence 1 from tests of a seaplane* a differentiation must 
be made between the effects that the variables hare upon 
the critical trim and the effects that they hare upon the 
trim assumed by the seaplane at a particular speed. 

The aerodynamic weathercock stability referred to in 
the foregoing and hereinafter is the weathercock stability 
in pitch. 

The moment of inertia and the amount of weathercock 
stability do not affect the trim that the seaplane will 
assume f but variations in these quantities may cause 
porpoising by lowering the critical trim. The results of 
the present tests of a planing surface with a tall plane 
indicate that a decrease In moment of inertia for a par- 
ticular value of the mass tends to decrease the critical 
trim and thereby may lead to instability. The results of 
the testa also indicate the effect of excessive weather- 
cock stability as can be seen from a comparison of figures 
7(b) and 7(c). With the normal tall the porpoising motions 
were- not so violent as when the tail area was increased 125 
percent. The tests showed that the critical trim was not 
measurably affected in the one particular case in which the 
tail area was increased although the analysis of reference 
1 indicated that 9 in general, an increase In tail area should 
increase the critical trim. The results of computing the 
effect of tail area as recorded in table I do not agree with 
the conclusion of reference 1 regarding the effect of weather- 
cock stability. 

The results of the tests are In agreement with the 
conclusions that Instability might be ^caused if the center 
of gravity were too far In front of the main step or If 
the nose were forced down by an aerodynamic moment because 
either condition would tend to cause the seaplane to trim 
below the critical value. 

figure 5 shows that the critical trim is Increased 
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by raising the. canter of gravity and this result Is in 
agreement with the conclusion of reference 1. 

Dynamic Models Haring Excess Mass and Moment of Inertia 

The tests of the planing surface indicated that an 
increase in both mass and moment of inert la v without any 
change in the radius of gy rat ion « tends to increase the 
amplitude of the pitching oscillations during porpoising. 
This effect is of part icular Interest because tests of 
dynamic models are occasionally made with the model having 
excess weight and moment of inertia. Trom the analysis 
of porpoising In reference 1, the authors concluded that 
a test of that type, in which the ratio of mass to moment 
of inertia was correct, would accurately reproduce the 
porpoising characteristics of the full-site craft except 
that the frequency of oscillation would be reduced by the 
excess mass and moment of Inertia. The lowered frequency 
may account for the increased amplitudes observed in the 
present tests. In a porpoising oscillation of a given 
amplitude the amount of energy dissipated by the damping 
forces decreases repidly with decrease in frequency. With 
an excess In mass and moment of inertia of a dynamic model. 
It is to be expected that the damping would be 'less effec- 
tive and therefore the amplitudes of the fully developed 
oscillations would be larger than if the frequencies were 
correctly reproduced. 



Iffect of Radius of Gyration 

The results of the tests Indicate that variations 
In the radius of gyration have a twofold effeot upon the 
porpoising characteristics of a flying boat. Large 
increases in the radius of gyration reduce the critical 
trim and also reduce the ■ amplitude of porpoising that 
occurs when the flying boat Is trimmed below the critical 
value. The plots of amplitude in figure 7 show a definite 
tendency to converge as the radius of gyration is increased. 
Whether the convergence would continue to sero at some 
value beyond the "range of the present tests is not known.- 

A comparison of the radius of gyration and the beam 
loading for several . f lying boats and float seaplanes of 
reoent design has been tabulated as follows: 
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Craft 



Radius of 
gyration, k 



Gtob b load 
coefficient, 0 A 



Hying boats : 

B (fig. 9) 

C (fig. 9) 

D (fig. 9) 

I (fig. 9) 

F (fig- 9) 
0 
H 



0.86 
1.14 
1.25 
1.23 
1.31 
1.35 
1.55 



0.44 

.67 
.82 
1.01 
1.00 
1.13 
1.20 



Tloat seaplanes; 

I 
J 
K 
L 
M 



1.58 
1.66 
2.00 
2.01 
2.04 



1.57 
1.54 
1.57 
1.66 
1.69 



The plot in figure 10 of the foregoing values suggests 
that there may be a relationship between radius of gyration 
and load coefficient which would be useful in predicting 
porpoising characteristics. The dashed line In figure 10 
was drawn through arbitrarily selected points corresponding 
to radii of gyration somewhat above the average of the 
values in the plot. Two of the points that lie below 
the dashed line are values for flying boats whloh have 
shown unusually severe instability on the water. The equa- 
tion for the straight line is 



k = 0.9 C Ao + 0.5 

where k is the radius of gyration, fraction of beam. 
The fact that the float seaplanes have larger values of 
the radius of gyration and larger beam loadings than the 
flying boats is of particular interest. In recent years 
the porpoising of flying boats has been much more of a 
problem than the porpoising of float seaplanes. In view 
of this fact -the results of the present tests indicate a 
very significant effect , which may have been given in- 
sufficient attention heretofore. For some of the heavily 
loaded flying boats that have exhibited severe porpoising 
it would appear well worth while to carry out a full-scale 
investigation of the effect of Increasing the radius of 
gyration by as much as 50 percent. 
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Effect of Location of flvot 

The- results indicate that,. In some cases, a definite 
but relatively small decrease of the lower limit of stability 
of a seaplane may be obtained by moving the center of gravity 
either forward or downward or by increasing the radius of 
gyration. 



Trend toward Increased Beam Loadings 

The continued trend toward increased beam loadings 
of flying boats is Illustrated by figure 9, which is a 
plot of the loading curves for several notable designs 
that have appeared during the past 10 years. Design A 
appeared about 1932, designs X and 7 appeared in 1939, 
and the others appeared during the Interval between 1938 
and 1939. The values showing load on the water as a 
function of speed were computed in each case by assuming 
for all speeds a lift coefficient equal to that af the 
stalling speed. The spee<V of maximum trim (approximately 
the hump speed) as determined in tank tests of dynamic 
models is indicated by an arrow on each curve except for 
design A for which data were not available. It Is note- 
worthy that the hump speed does not vary greatly with 
load over the wide range of loadings. In 1932 a gross 
load coefficient of 0.45 was considered sufficient but 
by 1939 a load coefficient of 1.0 was being used,- The 
Increase in beam loading is even more striking at higher 
speeds. For example, at Cy * 4.0 the Increase is from 
about 0.2 to 0.75, or nearly fourfold. An increase in 
the hazards resulting from porpoising has accompanied the 
large increase in loading at the planing speeds. 

Vith the conventional form of forebody having a 
22t° V-bottom and transverse step It appears that, in order 
to avoid low-angle porpoising as the gross load Is Increased, 
the speed at which the seaplane gets on the step must be 
increased. In general, this change would Increase the time 
required for the take-off and would probably present addi- 
tional difficulties In the control of spray. 

Recent designs of flying boats have approached rather 
closely the limit of beam loading that is permissible with 
a conventional form of hull. Further increases in beam 
loading appear to require a form of hull that will consider- 
ably reduce the probability of the low-angle porpoising 
inherent in the form of forebody represented, by the planing 
surface used in these tests. Some, improvement in the form 
of the hull may be obtained by an investigation of the 
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effect of dead rise and the -efferet of the plan t orm of the 
step. A better solution may be found in some arrangement 
designed to plane efficiently on two steps at speeds 
considerably beyo-nd' tjxe hump or in.jsonie arrangement- of 
hydrofoils that reduo-es the load carried by. the planing; 
bottom. 



0QBCLU3I05S 



The conclusions listed belov apply oyer the range of 
variables -include* in this t-e*ts .of a 7-bottom planing sur- 
face having a 32«° angle- of dead tise and fitted with" tall 
surfaces to provide aerodynamic damping. The conclusions 
are also believed to apply to the case of a seaplane 
having a forebody of the form represented by the planing 
surface. The condition* of particular interest and 
application are those arising whan the seaplane gets on 
the step during take-off or planes on the forebody during 
a landing. 

1. Tor a given set of variables that Include speed, 
load, moment of inertia, and position of center of gravity, 
there is a rather sharply defined critical trim below which 
the system is unstable and above which it is stable. 

2. The critical trim Is determined mainly by the 
speed and the load on the water. 

3. Increasing the radius of gyration decreases the 
critical trim. 

4. Moving the center of gravity either forward or 
down decreases the critical trim. 

5. Increasing the amount of aerodynamic damping to 
about twice the amount .normally occurring on flying boats 
does not appreciably alter the critical trim. 

6. Decreasing the radius of gyration may have two 
effects. It may Increase the critical trim and it may 
also cause a marked increase in the amplitude of por- 
poising that -follows when the system is trimmed below 

•the critical value . 

7. An increase in the mass and moment of inertia, 
without any change in the radius of gyration, tends to 
Increase the amplitude of porpoising oscillations. 



Langley Memor lal Aer onaut leal Laborat ory ,; 

national Advisory Committee for Aeronautics, 
Langley Field, 7a. 
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TABLE !•- VALUES OP THE STABILITY DERIVATIVES AND THE TERMS IN THE DISCRIMINANT EQUATION, Cy=5#65; C A =0«6lJ 
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a Computed in reference k. °Computed from data in reference !*• 
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Figur* 4.- Arrangement of planing surface for tests. 
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Speed coefficient, Cw 

Figure 3«- Critical trim as a function of speed for 
a load coefficient of 0«ltO with a normal tall and 
with Increased tall area. k 9 0«7ti>$ ti,0.12bj 
l2,1.00n. J* 
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Fig. 2a,b,c,d 
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(*) c A , 0.53; k, 0.76b; i lt o.i2b; 
o i a > 1.26b. 
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(b) C & , 1.07; k, 0.76b; l lf 0.12b; 
-o x 2 , 1.26b. 



(d) C Aft> 0.80; k, 0.51bj U# 0.38b; 
0 12, 1.00b. 



£^?Jf:I« C rlt J C *} function of speed with load as a parameter for different combination. 

«Li???2°If °5 pl 7 ot » r * d *us gyration, and mas* moving vertically. Location of pivot is 
specified as fraction of beam forward of the trailing edge and above the keel. 



MAC A 



Fig. 2e,f,g,h 




Figure 2.*» Continued. 
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(k) C A*» k, 0.76b; i 1§ 0.38b; (I) fi A , 1.07; k, 0.94b; t 1# 0.38b; 

0 l 2> 1.26b. °o j 1.26b. x 



Figure 2 Continued. 
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Figure 2.- Continued* 
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Figure ij..- Variation of critical trim with 
change in radius of gyration* C v . 6.0: 
I 1# 0.38b; l 2 ,1.26b. v 
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Figure 5.- Variation of critical trim with 
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Amplitude of oscillation, deg 
(c) k, 0.54b. 

Figure 6.- Effect of elevator setting upon the amp- 
litude of porpoising for three values of 
the radius of gyration. Q A , 0.40; Z x , 0.38b; I %, 
l.tfob. Oscillations 1 and 2 are minimum and maximum 
amplitudes occurring in a waxing and waning oscilla- 
tion. 
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Figure 7.- Effect of radius of gyration and of 
increased tall area upon the amplitude of por- 
poising. c v , 4*6. 
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Speed coefficient, Gy 

figure eV- Comparison of the lower Unit of porpoising of a 
dynamically similar model of flying boat D with the oritioal 
trim of the planing surface at corresponding speeds and loads* 
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Speed coefficient, 

9.- Comparison of the load coefficient on the water of several flying boats duping take-off, 
as gutting the value of Cl to be cone tan t and equal to Cz *t get-away. 
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Figure 10- Variation *£ «y«tion ^1 gro.i load cosff ici.nt for several 

recent design* of flying tests and seaplanes. 
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